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[57] ABSTRACT 

A method of compensating for proximity effects in electron 
beam lithography systems is disclosed. An uncorrected dose 
profile is obtained for the pattern features to be introduced 
into a layer of electron beam sensitive material, including a 
determination of the clearing dose for the electron beam 
sensitive resist and the dose height for each edge of the 
pattern feature. Thereafter the incident dose of exposure 
energy for introducing an image of the pattern into a layer 
of electron beam sensitive material is adjusted by designat- 
ing the clearing dose for each edge of the pattern feature as 
a function of the dose height. The uncorrected dose profile 
far determining the dose height and the clearing dose is 
optionally obtained from a calibration step. Each feature is 
optionally partitioned into a plurality of subshapes and the 
incident dose of exposure energy is men adjusted for each 
edge of each subshape by designating the clearing dose for 
each edge of each subshape as a function of 1he dose height. 

8 Claims, 2 Drawing Sheets 
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DOSE MODIFICATION PROXIMITY EFFECT (very large scale integrated) drcuit n^fc and/or chips, 

rn^SnN ffEO TECHNIOUE FOR using e-beam lithography, the proximity effect causes def^- 

^F^OlX^ nations of the developed pattern features and is a major 

ELECTRON BEAM Lll UUUKATU if problem, particularly when feature sizes are submicron. 

FIELD OF THE INVENTION 5 Traditionally, corrections for proximity effects have been 

divided into two distinct adjustments which are discussed 
The present invention relates generally to electron beam ^ 0Wt a first adjustment is related to the contrast between 
lithography systems and more particularly, to a method of exposed and unexposed areas of electron beam sensitive 
compensating for proximity effects. resist and reduces proximity effects attributable to long 

ranffe scatter The term contrast as used in this disclosure 

DESCRIPTION OF THE RELATED ART "> Z^oU laye* of electron beam sensitive 

In the technique of electron beam (e-beam) lithography, rcs ist as deposited to the thickness of this same layer after a 
an electron beam is used to delineate the features of a pattern has been exposed and developed in it. A pattern with 
semiconductor device by selectively irradiating a substrate an exposed and developed resist thickness that approximates 
coated with an electron-beam sensitive material (resist). The w the as deposited resist thickness, possesses high contrast 
electron beam is shaped in a precise manner to define the The second adjustment changes the widths of the features to 
required features of the semiconductor device in the resist be exposed in the electron beam sensitive resist thereby, 
A pattern representing the features of the semiconductor correcting for proximity effects attributable to short range 
device is then developed in the resist Electron beam lithog- scatter. 

raphy techniques utilize substrates of a variety of types ^ pattern feature contrast has been improved and the long 
including semiconductor wafers, and glass or metal plates. range scatter of electrons reduced through techniques such 
When an electron beam penetrates a material, such as the as, for example, dose modification methods. The basic idea 
electron-beam sensitive resist not all of the electrons in the underlying dose modification proximity effect correction 
beg deposit their energy completely in the resist and come techniques is to reduce the incident dose for features that 
to rest in the substrate. Some of the electrons are scattered ^ receive backscatter (long range scatter) exposure so that 
by collisions with atoms at the surface of the substrate, ideally, all intentionally exposed objects receive the same 
causing such electrons to be deflected back (backscattered) total exposure dose. Dose modification methods will be 
though the resist and, thereby, exposing a larger region of the further explained with the following illustrative example, 
resist layer than had originally been intended The scattering With reference to FIG. 1, there is depicted a pattern design 
of electrons due to collisions with substrate atoms is termed ^ 5 containing several features 10, to be exposed in electron 
long range scatter, since the electrons can be backscattered beam sensitive resist (not shown) deposited on a substrate 
distances on the order of several microns. For example, in an (not shown). Each of the rectangular shaped features 10 has 
incident electron beam with an exposure energy of 40 keV a different width as do each of the gaps 15 located between 
(kilo electron volts), traveling though a layer of electron each feature 10. When a pattern such as the one depicted in 
beam sensitive resist covering a silicon surface, some of the J3 fig. lis exposed in positive tone resist material, the e-beam 
electrons which impact the silicon surface and are backseat- only irradiates those regions corresponding to the gaps 15 
tercd will have long range scatter distances, back though the between each of the features 10. Thereafter, when the resist 
resist, approximating 5 urn. layer is developed, electron beam sensitive material covers 

Electrons are also deflected (forward scattered) into the those regions corresponding to the features 10. 
electron beam sensitive resist in regions adjacent to pattern 40 An incident dose profile 19 is shown in FIG. 2, illustrating 
areas, either from collisions between electrons and atoms in a cross-sectional view of an undeveloped resist layer into 
the resist material or because the exposure tool could not which an image of the features 10 pictured in FIG. 1, has 
control the trajectory of all of the electrons in the beam. In been introduced with an incident dose of exposure energy, 
particular, problems with the ability of the exposure tool to The incident dose energy for the electron beam is plotted on 
focus the e-beam as well as electron-electron interactions 45 the vertical axis, while pattern position including feature 
blurs the electron beam, so that small regions outside of the geometry and gap spacings are depicted along the horizontal 
boundaries of the pattern areas also get exposed. The scat- axis. Each feature 10 from FIG. 1 corresponds to a trench 30 
tering of electrons due to collisions with resist atoms and/or illustrated in FIG. 2, while the gaps 15 correspond to peaks 
scattering which results from the exposure tool are com- 25. The solid horizontal line represents the clearing dose 20 
bined into one effect termed short range scatter. Short range 50 for a particular electron beam sensitive resist for example, 
scatter distances are smaller than long range scatter positive tone electron beam resist. The clearing dose 20 is 
distances, by several orders of magnitude. For example, in the dose of electron beam energy required to completely 
an incident electron beam with an exposure energy of 40 expose a pattern in a resist layer of a particular thickness. 
keV (kilo electron volts), traveling through a layer of Any area of the pattern that receives an incident dose higher 
electron beam sensitive resist covering a silicon substrate, 55 than the clearing dose 20, such as the peaks 25 correspond- 
some electrons will have shortrange scatter distances on the lug to gaps 15, are completely cleared of the resist upon 
order of 100 am. development, while those areas of the pattern that receive an 

Thus when the features of a pattern to be exposed in the incident dose below the clearing dose 20, such as the 
electron beam sensitive resist are positioned close together, trenches 30 corresponding to features 10, will not be cleared 
each feature area receives not only a direct dose of electron 60 of the resist Thus, with reference to incident dose profilel9 
beam energy, which will hereinafter be referred to as "the a layer of electron beam sensitive resist into which toe 
incident dose", but also a dose of irradiation due to both long pattern of FIG. 1 is exposed and developed (not shown), has 
and short range scatter. Consequently, areas of a pattern with raised rectangular features corresponding to the trenches 30 
closely positioned exposure regions receive larger exposure and clear areas corresponding to the peaks 25. The inter- 
doses from the same incident dose than do areas of a pattern 65 section of the clearing dose 20 hue across trenches -30 on the 
with isolated exposure regions. This phenomena is referred dose profile 19, correspond to the edges of each developed 
to as the ♦'proximity effect". In the manufacturing of VLSI resist feature 10. The width of each developed resist feature 
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10 corresponds to the width of trench 30, where it is where D/r) represents the resultant (total) exposure dose 

bifurcated by the clearing dose line. received at position r, including scatter; D/r) represents the 

In contrast to incident dose profile 19, FIG. 3 illustrates incident exposure dose at position r; and the integral repre- 

the total dose profile 35 for the features 10 of FIG. 1, sents the sum of doses received at position r from adjacent 

showing the actual exposure energy introduced into the 5 positions r* due to backscattering. (See, "Efficiency of 

undeveloped layer of resist, including proximity effects electron-beam proximity effect correction", J, Vac. Set. 

attributable to long range scatter. The total dose of exposure Technol. B 11 (6), NovTDec. 1993 , authored by T. R. Groves 

energy introduced into the layer of resist is plotted on the and incorporated herein by reference). Dose modification 

vertical axis, while the pattern position including feature methods solve equation (1) by first designating a desired 

geometry and gap spacing are again depicted along the 1Q resultant dose greater than the clearing dose but less than 

horizontal axis. Gearing dose 20 is identical to the clearing the uncorrected total dose illustrated in FIG. 3, and then 

dose of FIG. 2. The trenches 43 and 44 of the total dose computing the incident dose D, required to produce the 

profile 35 correspond to the features 10 of FIG 1, while the designated resultant dose. Successive iterations are per- 

peaks 45 correspond to the gaps 15. Long range scatter formed until D, converges and identifies a single dose, at 

creates a large background dose level 37 in high pattern which all of the pattern features are then uniformly exposed 

density regions, such as high pattern density region 38. High 15 (e.g., modified incident dose level 56 introduced across the 

pattern density regions are pattern regions where the areas P^uos 55 of FIG. 4). Basically, the above described dose 

that are exposed to the electron beam energy are located on modification proximity effect correction method reduces the 

both sides of a much smaller pattern area that is not exposed background dose in high pattern density regions by exposing 

(e.g., feature 10 located between two gaps 15). ThuVfor TCS f a ^ wer mci ^ cx P° j surc *id- 

high pattern density regions, such as high pattern density 20 eniijg the dc*e gap between all exposed and unexposed areas 

region 38, pattern feature contrast is rechjcSTiince such ° u f *f U ^ rf cle€tron **** sc^ve resist, and reducing 

areas receive an additional dose of radiation due to the «^ demands < * re ? it Racing the demands on 

scattering of electrons. Such reduced pattern feature resist contrast alleviates other problems associated with the 

contrast, is depicted for an undeveloped layer of electron for f* on features on the surface of a substrate, 

beam sensitive material, by difference 39 shown on FIG. 3. 25 f 1 ** 1 " m te ^"P? Pf^ featurcs 

Difference 39 shows that the increased exposure dose due to **roducedby smaU changes to the incident dose energy as 

scattered electrons in high pattern density regions, has ? c V* t0 ^ ( , C ; g " J 6 

shifted the amount of exposure energy received atlrench 43, ^e °pment, and the concentration and temperature for the 

to be much nearer to the value of the clearing dose 20, than „ ^vetopment solution) associated with the development of 

for a low pattern density region, such as low pattern density 30 the u electron ficna * vc ma 1 ten f- . . _ 

region 42. Long range scatter has a negligible effect on the Howwer, as feature dimensions shrink proximity effect 

pattern feature contrast in low pattern density regions, as corrections which only improve the contrast between 

shown by differences 40 and 41, where the amount of and ^^^ed areas of a layer of electron beam 

exposure energy introduced into the resist layer has shifted „ sensiUve resist, such as dose modificationmethoa5, are not 

the bottom of the trenches 44 only slightly closer to the 33 suffici ' at J* dimensioD 

clearing dose 20. For a developed layer of electron beam ^Irefers to the hnewidth differences of a ^feature as 

sensitive material (not shown), pattern feature contrast designed, compared to the developed linewio^ dimensions 

relates the difference in the thickness between unexposed f*™ For any developed feature^ the slope of 

areas of the resist layer as compared to their original the resist wall is d^^cdy the scm^ characteristics 

deposited thicknesses. 40 ln me resist ^ * c Dlur °f *e inadent electron beam (short 

xnn a jii...**.— . 1 AiK~ n n~„ ~ ^ range scatter). The scattering effects attributable to electron- 

FIG. 4 illustrates a dose modification proximity effect . . , , ~? , , , ^ 

-*s _ £i «a u « ^. . tJ _ resist interactions and electron beam blur are greater at the 

correction profile 50, where the dose modification proximity > , • A .... . 

effect correction method has been performed for ttoefeatures ^ ° f a .™. ls, Q,us ' ™f™°f * e radiadon of 

shown in FIG. 1. The modified inddent dose of exposure AS f °? » these T^^l^ ^ 

energy introduced into the undeveloped resist layer iTplot- 45 J"**? to have r*aks wrt. wider dimendons at Aor base 

♦ a *u ^ , j t * Z . , j . than at their top (for positive tone materials) such as, for 

ted on the vertical axis, and the pattern poahor. including un^dopVd submiexoo feature represented by 

^S^n^JZTSZ ZX^^SLEZ 72, 74. and 76. illustrated in FTC. sT 

dose of FIG. 3. The trenches 60 of dose modification „ . _. . , Tr, . t . ^ .iTITa- 

proximity effect correction profile 50 correspond to the 50 1° * e ™~ ****** slze * e P""* *« °f * e 

raised feature, 1« of FIG. 1. Ze the peX« corr^spood features are developed at or nearthe as designed dimensions. 

to the gaps 15. The modified inddent dWenergy level56. However ' 88 fe4ture ^na«i3shrint the short range 

. , lutiuwimBJ uuuaii tuagjr nra sw, scatter effects cannot be neslected. FIG. 5A Illustrates the 

introduced across the peaks 55, reduces the background dose „^~a^~mI. ™ ^^..^.T^T^w^ ™! 

level for the resist kytriTthe high pattern density region 62 „ fPf 8Ure dosc pro * le ^.J ^ undeveloped submicron 

surrounding trench 6? The P Zn feature cZasffor an " ^ ^TT^' <Bfferc ? , ,^ u ^ ^ 

, . v ^ , K^ aT¥% c<fcno ; t . ^ „ at . q1 ^ els. The inadent dose energy introduced into the layer of 

£STd£l£ ^^SJSne^Srr electro ° beam *^ve resiSis plotted on the vertical axis, 

depicted by difference 57, is larger than difference 39 in FIG. m the feahlIC is »i ong ^ horizontal axis. 

3. due to a decrease in the exposure dose attributable to Z^\. . T. . ^ eui7u e uiw uviu^u™ 

Scattered electrons introduKto the S^er of ^ IJ^ 0 ^ ^^T" ^fif^'T^ 

feature 10, at trench 60. 60 ? 0 ;A p 2 tera / c P r *f P"*"* 70 * s fll"*«cd 

iwureiv,»»cKDi.. in FIG. 5B, where the Incident dose of electron beam energy 

T^doserr^cahon proxiriuty effect ejection method haj ^^^^ mt0 a ^er of electron beam sensitive 

mustrated in FIG. 4 employs an iterative scheme utilmng an BUtaial 81 locatM on me of a substrate M ud me 

equation, such as. for example, equahon (1), rer^entang a patterll developed. The top of each peak 72, 74, and 76 in 

phenoiMnological traiisportequahon,felatmgthe^ M ^ SA corresponds to open areas 82, 84. and 86 

and backscattexed doses as: respectively, in the resist layer of FIG. SB. The valleys on 

D/r>=c ( (r)+WrT) i (i')p»0r-ri) (i) each side of peaks 72, 74, and 76 correspond to the resist 
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material 81. The width of cadi open area 82, 84, and 86 Long range scatter effects are reduced by adjusting the 
corresponds to the width of the respective peak 72. 74, and incident exposure dose individually at the edge of each 
16 bifurcated by the clearing dose 20. Any point that raised pattern feature as a function of the pattern density. As 
receives more than the clearing dose 20 is completely such, depending on the density of pattern features in an area 
cleared of resist and any point below this level has resist 5 surrounding the edges of a particular pattern feature, die 
remaining thereon. The wall profiles for peaks 72, 74, 76 are incident exposure dose used to introduce an image of die 
not vertical, due to short range scatter, so as the incident dose pattern feature into a layer of electron beam sensitive resist, 
or the background level is varied, the point at which the j s potentially different at each edge of the pattern feature, 
clearing dose intersects the wall profile changes, creating adjustment of the incident exposure dose level at each 

open areas 82, 84, and 86 with varying widths. For example, 1Q cdgc of a patterD feature based on pattern density is advan- 
the open area 82 that corresponds to the peak with the largest ^tous because background dose levels are decreased in 
background dose, peak 72, has dimensions larger than the ^ aQd are mcrcased ^ i ow pattern 

open area 86 that corresponds to the peak with the smaller ^ improving resist contrast for both types of 

background dose, peak 76. Thus, open areas 82 and 86 are Teas 

wider and narrower, respectively, than their as designed ^ * ^ t t J , , , ^ 

dimensions. However, peak 74, which depicts the clearing « In one example of the method of the present invention, an 
dose 20 as intersecting the background dose level at the uncorrected dose profile is obtained for the pattern features 
half-way point of the dose profile, creates an open area 84 to be introduced into a layer of electron beam sensitive 
whose dimensions are equivalent to the as designed value. material, including a deterrnination of the clearing dose for 
Biasing methods are used to correct proximity effects the electron beam sensitive resist andthe dose height at the 
attributable to short range scatter. Biasing merely adjusts 20 edges of each raised pattern feature. Thereafter, the incident 
(makes larger or smaller) the widths of the shapes to be dose of exposure energy used to introduce an image of a 
exposed in order to correct for predicted dimension devia- pattern into a layer of electron beam sensitive material is 
unexpected in the developed features. For example, if a adjusted, by designating the clearing dose for each edge of 
1.0 urn pattern feature after development has a dimension of the pattern feature as a function of the dose height 
0.85 urru biasing adjusts (makes larger) the width at which 25 The incident dose of exposure energy is adjusted at each 
the pattern feature is exposed in order to compensate for the edge of the pattern feature by successively iterating a 
dimension reduction due to the short range scattering of phenomenological transport equation such as, for example, 
electrons. A major problem encountered when correcting for equation (2) relating the incident dose, the long range scatter 
short range scatter with biasing techniques, is that the shape dose, and the short range scatter dose as: 
of the short range exposure profile, such as, for example, 30 

dose profile 70), must be known precisely in order to adjust D^o^/rHkfVD/rwir^ (2) 

the feature dimensions. It is particularly Mt to obtain for me electron 

this information, since the ^^VL^T^ ^ mT^IL obtained from the uncorrected dose 
ur^n resist properties, exposure tool 35 3* D/r) represents the incident exposure dose at posi- 

condtfons such as, for example^ **^ h ^^*t tionr, me integ^l represents the sum of the doses received 
addition, biasing changes the pattern density, wWch tapa^ » » > froTadS positions r* due to backscattering, 
the dose modification result so tat ft, ; l^Mrefe* ^ n 27^M^ Reading function represented by 
ejections utilizing ^ constant k represents the correction Tor the short 

both correction procedures .^J 1 ^^^^^™ 40 £ng e scattering of elec*ons. The constant k is an expression 
times.Ac^g*^ tf*c fraction of the dose height at which the clearing dose 

are simple and accurate are still being sought. ^ ^ ^ ^ ^ ^ ^ ^ ^ 

SUMMARY OF THE INVENTION scattering correction constant k with a value within the range 

The present invention is directed to a method which 0<k<l, effectively allows the point where the clearing dose 

compensates for proximity effects attributable to bom short 45 line intersects the dose height to be varied. Since, for pattern 

range and long range scatter. Short range scatter effects are feature width control, it is preferable for the clearing dose 

reduced by designating the clearing dose for an edge of a line to intersect the dose height at the midway point, it is 

raised pattern feature, as a function of the dose height. The advantageous if k==0.5. 

dose height as used herein refers to the difference on a dose The method of the present invention adjusts the incident 

profile in the dose energy, at two different points separated 30 dose of exposure energy through the selection of a value for 

a vertical distance on the edge of a pattern feature. Id one constant k, which determines the point where the clearing 

example, dose height is the difference between the dose at dose line intersects the dose height on a dose profile, 

the bottom and the dose at the top of a line on a dose profile representing the edge of the pattern feature. Thereafter, the 

that corresponds to a pattern feature edge. Since the dose incident dose D, required to produce the selected clearing 

height is the difference between the two doses at the edge of 55 dose is determined from equation (2) where successive 

a pattern feature, it follows that the larger of the two doses iterations are performed until D, converges identifying the 

used to determine the dose height is greater than the clearing adjusted incident dose for introducing the image of the 

dose and the smaller of the two doses is less than the clearing pattern feature edge into the resist This process of adjusting 

dose. For example, with reference to points 58 and 59 on the incident exposure dose is then repeated for each feature 

FIG. 4, the dose height is the difference in the dose energy «> edge of the pattern feature and also for each pattern feature 

between point 58 and point 59. The designation of the to be written with the electron beam tool, 

clearing dose as a function of the dose height is advanta- Hie method of the present invention optionally includes a 

geous because the point at which the clearing dose intersects calibration step for obtaining the uncorrected exposure dose 

the edges of a pattern feature determines the width of the profile which details a composite representation of long 

developed resist structure, and thus critical dimension con- 65 range and short range scatter effects for a test pattern 

troi is maintained with respect to the as designed pattern exposed and developed in a layer of electron beam sensitive 

feature widths, * csist ^ calibration step includes introducing an image of 
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a test pattern into a layer of electron beam sensitive material, electron beam sensitive resist, utilizing a computer assisted 
and, following the development of the test pattern, measur- design (CAD) unit 102. Computer assisted design (CAD) 
ing the resist feature parameters to obtain the dealing dose equipment, incorporating software with hardware useful for 
and the dose height Resist feature parameters useful for the design of pattern features in electron beam lithography 
particular electron beam resist systems determined during 5 systems are well known, an example of which includes 
the calibration step are optionally stored in a central pro- AutoCad. Computer assisted design (CAD) unit 102 pro- 
cessing unit (CPU) and used for adjusting the incident dose vides pattern data to preprocessor data converter 104, which 
energy of subsequently written patterns. optionally partitions the geometrical pattern data generated 

The pattern features of the present method are optionally by the CAD unit into a plurality of subshapes, where each 

partitioned into a plurality of subshapes. Thereafter the 10 subshape has a specified size. For example, a line pattern 

incident dose of exposure energy for introducing an image generated with the computer assisted design (CAD) unit 102 

of each subshape into a layer of electron beam sensitive having dimensions of 1.0 umx0.5 um is partitiooable into 50 

resist is adjusted for each edge of each subshape by desig- subshapes having dimensions of 0.1 umxO.l um, which is 

nating the clearing dose for each edge of each subshape, as also the typical address size (diameter) for the electron beam 

a function of the dose height is of an electron beam writing tooL For the example described 

Other objects and features of the present invention will above, the dimensions of each subshape are identical, 

become apparent from the following detailed description However, subshapes need not have uniform geometries and 

considered in conjunction with the accompanying drawings. the dimensions of individual subshapes are variable. Geo- 

It is to be understood, however, that the drawings are metrical pattern data is optionally provided to preprocessor 

designed solely for purposes of illustration and not as a 20 data converter 104 through an interface (not shown) where 

definition of the limits of the invention, for which reference the remote end (not shown) is assumed to be terminated in 

should be made to the appended claims. a central processing unit, or CAD equipment 

rrtrf nRSPRiimnN of thf DRAWiNflS Partitioned or unpartitioned pattern data is provided to 

BRIEF DESCRIPTION OF THE DRAWINGS post-processor 106 from preprocessor data converter 104, 

FIG. 1 is an illustrative example of a design containing 25 which functions together with proximity correction module 

several features to be exposed in electron beam sensitive 1 W to determine the incident dose required to introduce an 

resist; image of the geometrical pattern features into a layer of 

FIG. 2 is the dose profile for the cross-section of the electron beam sensitive resist First post-processor 106 uses 

features shown in FIG. 1; Ae pattern data provided by preprocessor data converter 

™- * •,. ' * . 4 . . . _ 30 104 to calibrate the relevant properties of the electron beam 

HG. 3 dlustrates&e total exposure ^ energy Jhat is intro- Uthography systenL ^ processor 106 calibration 

^ced into electron beam sensitive resist for the features of cxposing & sct of spccific pat . 

• tern shapes into a layer of electron beam sensitive resist with 

FIG. 4 illustrates a prior art dose modification proximity th c e-beam writing tool 112, and following the development 

effect correction profile for the features of FIG. 1; 35 0 f the pattern, measuring the resist features to obtain an 

FIG. 5A illustrates short range scatter effects for a sub- uncorrected exposure dose profile which includes both long 

micron feature comparing three different background expo- and short range scatter effects and which is similar to, far 

sure levels; example, the dose profile of FIG. 3, as previously discussed. 

FIG. 5B represents the pattern of FIG. 5A which has been The electron beam sensitive resist features to be determined 

exposed and developed in a layer of electron beam sensitive 40 during the calibration process include the clearing dose and 

resist; the dose height at each edge of each pattern feature. 

FIG. 6 is a block diagram of an electron beam lithography Optionally, resist feature parameters useful for particular 

system' and electron beam resist systems, determined during this cali- 

_^ m ni „. . . . . * j j aia *j oration step are stored in post-processor 106 to be used for 

FIG. 7 illustrates the disclosed dose modtfeation prax- 45 subsequ ^L written patterns. 

imity effect correction profile for the features of FIG. L ~ f ^ , t J 

The post-processor calibration step provides the data 

DETAILED DESCRIPTION necessary for proximity correction module 108, to adjust the 

, . ... ^_ .* .. ^ - . incident exposure dose energy needed to introduce an image 

FIG. 6 shows an illustrative ^cation <* the present of & e pattern features into a layer of electron beam sensitive 

invention whe»n a correctional far proximity effects 50 meeting for effects attributable to long 

is Performed utilizing an ekctron beam lithography system, ^ ^ Collections for both long 

suchas, for example, electron beamlntography system 100. ^ ^ ^ ^ £ not have to be performed 

Hectton beam h&ography system 100 includes compute M ^ tf cataia coa & ons m 

assisted design (CAD) unit 102, preprocessor ^ converter J^ained it is possible to combine the steps of correcting 

104 - P^r^ Ssor 10 *' P"^V «°«*?k>» "J. * fox both types scattering effects in Straightforward 

and electron beam writing tool UZ Such component parts ^Sbam me details of the short range scatter 

will be discussed is conjunction with the following expia- «„ f „ „,.„„i„ a^mZas* c 

nation of the disclosed correction method for proximity "^0^2^ 

effects. Electron beam lithography system 100 optionally ° .. , /' .._ A . . _ ^ 

couples a central processing unit (CPU) (not shown) to «> . The ^ 0S f l *t? t ?*® cati <> a proximity effect correc- 

electron beam writing tool 112. where the computer assisted twn mettod adjusts the incident dose of exposure energy for 

design (CAD) unit, preprocessor data converter, post- unparUtioned pattern data at each edge of the pattern feature 

processor, and proximity correction module are incorporated bv s*^vely iterating a phcnomcoological transport 

in the CPU equation such as, for example, equation (2) relating the 

„ / .. . . j_ . „ _ . . ,_ incident exposure dose, the long ranee scatter dose, and the 

One embodiment of the present correction method for 63 . " .._ a 

... . _ . snort range scatter dose as : 
proximity effects includes the step of generating a geometn- 

cal pattern containing features to be developed in a layer of D r (r)=kD/r>+(dVD/Op^lr< , i) p) 
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where DXO represents die clearing dose far the electron beam writing tool 112 thereafter introduces an image of the 

beam sensitive resist obtained from the uncorrected dose pattern features into a layer of election beam sensitive resist, 

profile determined during the post-processor calibration Thus, instead of exposing a pattern feature using a single 

step; D^r) represents the incident exposure dose at position incident exposure dose as illustrated in FIG. 4, which is 
r, the integral represents the sum of the doses at position r 5 representative of prior art methods, the disclosed method 

received from adjacent positions r f due to backscattering, corrects effects attributable to both long range and short 

including the backscatter spreading function represented by range scatter by varying the incident exposure dose across 

p>; and constant k represents the correction for the short each pattern feature so that the clearing dose intersects the 

range scattering of electrons. edge of the pattern feature as a function of the dose height, 

The short range scattering correction constant k is an 10 as shown in FIG. 7. 
expression of the fraction of the dose height where the FIG. 7 illustrates an adjusted dose profile 200, where the 

clearing dose line intersects the dose height representing the disclosed dose modification proximity effect correction 

edge of a pattern feature. Constant k has a value within the method been performed for the features 1C I of FIG. .1. 

sscsasssssarssc'ss 

the need to know the precise shape of the short range scatter ^ ^ * c m to the raised features 

energy distribution, when k=0.5, since this is the point where ^ nQ t mc ^ corrcspoild to the gaps 15. 

the width of a developed resist feature has dimensions ^ solid ^ intersecting each trench 216 is the clearing 

equivalent to the as designed value. For example, the 30 202. Differences 206, 208, and 210 represent the dose 

exposure dose profile D(x), for the edge of each pattern heights for the edges of each trench 216. The adjusted 

feature is described mathematically as, incident exposure dose 212 is varied across each peak 204, 

, while the clearing dose 202 line bifurcates each edge of each 

D<«HP(xWi-tf>w P> pattern feature as a function of the dose height In the 

where P(x') is the short range scatter distribution function 23 example depicted in FIG. 7, constant fc0.5. The calculation 

and *(**') is the step function. Since the step function of the corrected madent dose D, resuUs in the solid line 

^ equals 1 at fce^^ representative of the clearing dose 202 being ^ 

• r i \ — 1 w exactly half-way along each edge of each feature 10 repre- 

simphfies to sen ted by differences 206, 208, and 210, which is also 

DCi^x*)^ (4) 30 equivalent to the as designed dimension widths for each of 

. the features 10. 

A typical short range scatter distribution function is math- While the disclosed proximity effect correction method 

ematically represented as Gaussian and radially symmetric ^ ^en described with respect to each edge of an unpar- 

as in equation (5), titioned pattern feature, the above described method is also 



33 applicable to partitioned pattern data. For pattern data that 



/V) = {Vcfycr* 1 *™ (5) has been partitioned into a plurality of subshapes, the 

... _ ^ disclosed dose modification method adjusts the incident 

where o>is the short range scattering width. Thus, equations ^ rf exposure energy at each edge of a subshape by 

<4) and (5) are used to determine D(x), at x=0, the point at suoceS sively iterating equation (2) as previously discussed, 

which proximity effects due to short range scatter equal zero. 0 nce the adjusted incident exposure dose for each edge of 

When x=0, equation (4) reduces to D(xH).5. Physically, this 40 each subshape has been determined, the data is compiled in 

means that the short range scattering effects are eliminated proximity correction module 108 and subsequently provided 

at the halfway point of the exposure dose profile for the edge t o electron beam writing tool 112, for later introduction into 

of a pattern feature. As a result, the clearing dose should a layer of electron beam sensitive resist 

intersect each edge of a pattern feature halfway through the it should* of course, be understood that while the present 

dose profile, in order to correct for short range scatter, which 45 invention has been described in reference to an illustrative 

is also the point at which k=0.5 and where the widths of the embodiment, other arrangements may be apparent to those 

developed resist features have dimensions equivalent to the of ordinary skill in the art For example, while the disclosed 

as designed value. embodiment calculates the clearing dose utilizing a phenom- 

The disclosed dose modification method deterrnines the etiological transport equation to relate the incident and 

adjusted incident dose, D„ needed to expose a particular 50 scattered doses, other equations incorporating scattered and 

edge of the pattern feature, by designating a value for incident doses can be implemented, 

constant k. and then solving equation (2) utilizing the The myention claimed is: 

clearing dose determined during the calibration step, or ^ Method for correcting jproximity effects in an e-beam 

optionally stored in post-processor 106, The value of lithography system, the method comprising the steps of: 

constant, ^ fixes the point at which the clearing dose wffl 55 applying an electron beam sensitive resist material onto a 

intersect the dose height on a dose profile and determines the substrate; 

width of the subsequently developed pattern feature. Sue- introducing an image of a pattern into the electron beam 

ccssive iterations arc performed until D, converges and sensitive resist material wherein the incident dose of 

identifies the incident dose for exposing that edge of the radiation used to introduce the image of the pattern into 

feature. This process of adjusting the incident exposure dose 60 the resist material is adjusted by obtaining an exposure 

is then repealed for each edge of the pattern feature and for dose profile of the pattern, determining a dose height 

the edges of each pattern feature to be written with the that corresponds to each edge of a feature in said 

electron beam writing tool 112. pattern, determining a clearing dose for each of said 

After the adjusted incident exposure dose for each edge of edges of the feature as a function of said dose height 

each pattern feature has been determined, such data is 65 and then determining an incident dose of radiation 

compiled in proximity correction module 108 and subse- based upon the cleanng dose; and 

quently provide to electron beam writing tool 112. Electron developing the image of said pattern. 
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2. The method of claim 1, wherein said exposure dose 
profile is obtained from a calibration process comprising the 
steps of: 

applying an electron beam sensitive resist material onto a 
substrate; 

introducing an image of a test pattern into the electron 

beam sensitive resist material; 
developing the image of said test pattern; and 
determining the dose height and the clearing dose for said 
test pattern in the electron beam sensitive resist mate- 
rial. 

3. The method of claim 1. wherein said exposure dose 
profile is defined by the Gaussian equation. 



10 



where F(x') is the short range scatter distribution function for 
the incident dose of radiation introduced at position r and a* 
is the short range scatter width for the incident dose of 
radiation. 

4. The method of claim 3, wherein the incident dose of 
radiation is determined from, D^r)=kDXr)+fd 2 r , D f (r , )P 6 (lr- 



15 
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r'l), where D^r) is the dealing dose far the electron beam 
sensitive resist material, D^r) is the incident dose of radia- 
tion introduced at position r, the integral JdVD^Op^tr-rl) is 
the sum of the doses of radiation received at position r from 
adjacent positions r f due to backscattering p b is the back- 
scatter spreading function, and k is the correction for the 
short range scatter of the radiation. 

5. The method of claim 4. wherein k is within the range 
<Xk<l. 

6. The method of claim 4, wherein k=0.5. 

7. The method of claim 1, wherein the clearing dose is the 
value on the dose profile that intersects the dose height at the 
halfway point 

8. The method of claim 1, wherein each feature is divided 
into a plurality of subshapes and the incident dose of 
radiation is adjusted for each edge of said subshape. 
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